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(54) PATTERN FORMATION 

(5 7) Abstract: 

PURPOSE: To form a pattern with high patterning accuracy through 
etching with liquid by using a resist which is sensitive to radioactive ray for 
flattened layer, forming thereon a light shielding second film thereon, 
etching such film with a solution and executing development through 
exposure and transfer at a time with such etched film used as the mask. 
CONSTITUTION: A material 1 to be etched, for example, Si02 is coated 
with a resist PMMA sensitive to radioactive ray as the flattened layer 8, and 
it is then baked. As a film which shields the radioactive ray, Se, Ge 9 are 
deposited by the sputtering in the rate of 4: 1 . Thereafter, annealing is 
carried out, the surface is then coated with a positive resist and is bak ed. 
The surface is then exposed by a projection type exposing appratus and is 
developed with choline solution. A resist pattern 4 is thus formed. With the 
resist pattern 4 used as the mask, Se- Ge 9 is etched with an etchant 
obtained by adding Na2S into NaOH solution. Next, the entire part is 
irradiated with the far ultraviolet ray 5 in the wavelength of260nm and a 
pattern is formed by developing the flattened layer 8 with L 
methylisobutylketone organic solvent. Finally, Si02 1 is etched with the 
flattened layer pattern 8 used as the mask. 
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SPECIFICATION 

1. TITLE OF THE INVENTION 

Pattern Forming Method 

2. SCOPE OF CLAIMS FOR PATENT 

What is claimed is: 

1 . A pattern forming method for forming a mask pattern for etching during the manufacturing 
of semiconductor devices, comprising: 

a process for applying a first coat of a radiation-sensitive resist on a semiconductor substrate 
having a material to be etched; 



a process for forming a film having a light-shielding property against radiation on the resist 
film; 

a process for applying a second coat of a radiation-sensitive resist on the light-shielding film; 

a process for developing through exposure a desired pattern on the second film of radiation- 
sensitive resist and then for etching.the light-shielding film using the pattern thus formed as a 

mask; 

a process for creating on the first radiation-sensitive resist an exposed area, which corresponds 
to the pattern of the light-shielding film, by exposing all surfaces to radiation; and 

a process for developing and forming a mask pattern for etching comprised of, at the least, the 
first radiation-sensitive resist. 

2. A pattern forming method according to claim 1, wherein Se-Ge chalcogenide glass is used as 
the light-shielding film. 

3. A pattern forming method according to claim 1, wherein a solution, which is obtained by 
adding Na 2 S to an organic or inorganic alkaline solution, is used to etch the Se-Ge. 

3. DETAILED DESCRIPTION OF THE INVENTION 
Technical Field of the Invention 

The present invention relates to a method for forming mask patterns used in the photo-etching 
process during the manufacturing of semiconductor devices. 

Description of the Related Art and Problems 

One example of a pattern forming method wherein a pattern is formed by laminating a number 
of layers is shown in FIG. 1 . In the first place, in FIG. 1 (a), a 2-}im flattened layer 2, for 
example, is deposited on a material to be etched 1, and then a transfer film 3, such as 2,000A 
SiO : for example, is deposited thereon. Then, a photo-resist pattern 4 is formed, as shown in 
FIG. 1 (b). The transfer film 3 is etched using the resist pattern as a mask, as shown in FIG. 
1(c). Then, the flattened resist layer 2 is etched using the transfer film as a mask. Here, the 
positive-type resist is normally used for the flattened layer, and etching is performed by reactive 
ion etching using oxygen gas. In principle, it is desirable that the reactive ion etching is also 
employed to etch the transfer film. However, it is essential that reactive ion etching used to 
etch the flattened layer be of the anisotropic type in order to improve the accuracy of the 
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pattern. The problem with this was that expensive etching equipment was needed. There is 
another pattern formation method that is simple, does not require such equipment and uses two 
layers, as shown in FIG. 2. In FIG. 2(a), a coating of a radiation-sensitive resist, such as 
polymethyl methacrylate (PMM A), which is sensitive to far-ultraviolet light at the wavelength 
of 0.2 to 0.3 nm, is first applied as a flattened layer 2 on a material to be etched 1, and then a 
resist pattern 4 is formed thereon. Next, as shown in FIG. 2(b), the entire member is irradiated 
with far-ultraviolet light 5, in order.to form an exposed part 6 and unexposed part 7 inside the 
PMM A of the flattened layer 2, using the resist pattern 4 as a mask. Next, as shown in FIG. 
1(c), a resist pattern is formed by developing the flattened layer 2 with an organic solvent. 
Although the use of reactive ion etching equipment is not need with this method, an interstitial 
layer is often formed at the interface between the flattened layer 2 and the patterning resist 4. 
Consequently, this posed a problem so that, in order to avoid the formation of the interstitial 
layer, a separate layer of Si0 2 or other substance had to be provided between the two layers, 
resulting in a tri-layer string, or else ashing by oxygen plasma or some other procedure had to 
be performed before the flattened layer 2 was developed. Moreover, there was also a problem 
that the exposure wavelength range for each resist had to be varied in order to avoid subjecting 
the flattened layer 2 to exposure while the patterning resist 2 was being irradiated, and this 
resulted in a limitation placed on material selections. 

Object of the Invention 

The present invention is designed by taking into consideration the points described above and 
provides a new method for forming multi-layered patterns with high patterning precision and 
accuracy employing an ordinary wet-etching method without using reactive ion etching. 

Summary of the Invention 

The essential part of the present invention is that it provides a method for forming mask 
patterns having vertical side walls intended for use in etching. This is done by the use of a 
radiation-sensitive resist for a flattened layer and a second film of light-shielding material over 
this resist. The film is then etched and processed with a solution and then, using this as a mask, 
the entire member is exposed to light all at once to transfer and develop a mask pattern for 
etching having vertical side walls. 

Description of the Preferred Embodiments 

The present invention will be described in detail hereafter using examples. 
(First Embodiment) 

As shown in FIG. 3(a), a 2 jim coating of radiation-sensitive resist PMMA was applied as a 
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flattened layer 8 to a material to be etched 1, such as Si0 2 , and then baked at 180°C for one 
hour. Next, as shown in FIG. 3(b), a film of Se-Ge 9, in a ratio of 4: 1 , was deposited by 
sputtering to give a thickness of 2,000 A. This served as a film having a light-shielding property 
against radiation. This was followed by annealing at 140°C for 30 minutes. A 1-^im coating of 
positive-type resist OFPR-800 was then applied, followed by 15 minutes of pre-baking at 90°C. 
The surface was then exposed to light by means of a projection-type exposure device and 
developed with a choline solution, in order to obtain a resist pattern 4. As shown in FIG. 3(c), 
the Se-Ge 9 was etched next with an etchant solution obtained by adding 1 mole of Na 2 S to a 
NaOH solution using the resist pattern 4 as a mask. During this process, due to the mutually 
effective actions of the NaOH and Na 2 S on the Se-Ge film, which has a columnar crystal 
structure, it was possible to obtain a Se-Ge film pattern that was accurate and with no undercut 
despite the fact that the etching was carried out with a solution. Next, as shown in FIG. 3(d), all 
surfaces were irradiated with 100 mJ/cm 2 * of far-ultraviolet light 5 having a wavelength of 
260 nm, and the flattened layer 8 was developed with a methyl isobutyl ketone organic solvent 
in order to form a pattern, as shown in FIG. 3(e). Finally, when Si0 2 1 was etched with a usual 
method and using the flattened layer pattern 8 as a mask, an Si0 2 pattern of high dimensional 
precision was obtained. 

(Second Embodiment) 

A pattern was formed using a l-(im coating of negative-type resist OMR-83, which has a 
superior ability to resist alkali property, in place of the patterning resist OFPR-800 used in the 
first embodiment. All the steps used here after the patterning stage were the same as those of 
the first embodiment, 

(Third Embodiment) 

A pattern was formed using 2-^im thick positive-type resist OFPR-800 in place of the flattened 
radiation-sensitive resist PMMA of the first embodiment, and using an ultraviolet light with a 
wavelength of 400 nm from an ultra high pressure mercury lamp to irradiate all surfaces at once 
and developing with a choline solution. Besides these changes, all the steps used to form the 
pattern in this case were the same as those of the first embodiment. 

(Fourth Embodiment) 

A pattern was formed by depositing 200A of Ag 2 Se on the Se-Ge using electroless plating in 
place of the OFPR-800 used as a patterning resist of the first embodiment. Besides this change, 
all the steps used to form the pattern were the same as those of the first embodiment. 



Translator's note: Probable unit; the original text illegible. 
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In the present invention, the substance used as the radiation-sensitive resist, which forms each 
layer, should not be limited to those described in the above embodiments, and various other 
substances may be used to the extent that their use does not deviate from the aim of the present 
invention. 

Advantages of the Invention 

As described above, the present invention makes it possible to improve pattern accuracy by 
employing anisotropic etching, without using expensive etching equipment, and to solve the 
problem posed by the formation of an interstitial layer in between two radiation-sensitive 
layers. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 and FIG. 2 are cross-sectional views illustrating existing pattern forming methods, while 
Fig. 3 is a cross-sectional view of processes illustrating an embodiment of the present invention. 

Description of the Reference Numerals 

1 . Material to be etched 

2. Flattened layer 

3. Transfer film 

4. Resist 

5 . Far-ultraviolet rays 

6. Exposed part 

7. Unexposed part 

8. Flattened layer (PMMA) 

9. Se-Ge film 

Agent: Norichika, Kensuke, patent attorney (and one other) 
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